Interactions with males often alter the short-term behaviors of reproductive females. Yet, the influence of different internal and external factors, such as sexual conflict, on animal movement and patch dynamics is not well understood. We studied associations between courtship, movements of reproductive females, and genetic diversity in a small, fragmented network of Euphydras editha taylori (Taylor's checkerspot butterfly). In the absence of courtship, female movements (step lengths) were restricted (< 2 m) and tortuous, and females never departed reproductive habitat. However, when courted by males, step lengths increased markedly and movements were straighter (less tortuous). Female habitat departures were associated with interactions between patch identity and courtship. All tracked females remained in reproductive habitat in the smallest patch, whereas 32% of females departed the larger patch (over forest) while eluding courting males. Genotyping (simple sequence repeats -SSRs) suggested low levels of genetic differentiation (F st ~ 0.02; Analysis of molecular variance p = 0.02) with inter-patch distances of ≤ 0.3 km. Tests for a recent genetic bottleneck were negative, but heterozygous deficient deviations from Hardy-Weinberg equilibrium expectations may indicate a developing bottleneck. Patch-specific female movement behaviors and the distribution of SSR alleles across the network suggest the possibility of a predominantly unidirectional transfer of reproducing females from the largest to smaller patches, with the smaller patches mostly closed to emigration. Our study suggests short-lived intraspecific interactions may influence dispersal in unanticipated ways and that understanding these interactions will provide a more holistic view of habitat fragmentation and network functioning.
Introduction
Metapopulation dynamics are, in part, determined by the behavior of individuals as they move through, settle, and reproduce over a landscape mosaic of matrix and habitat. Both an individual's internal physiological state and its interactions with Male harassment, female movements, and genetic diversity in a fragmented metapopulation conspecifics can potentially modify habitat connectivity by influencing how the individual moves through matrix, habitat, and crosses habitat/matrix boundaries (Bélisle 2005 , Nathan et al. 2008 , Fagan et al. 2013 ). Yet, the degree to which such modification actually occurs has received little empirical study and is not well-known (Morales and Ellner 2002 , Conradt et al. 2003 , Bowler and Benton 2005 , Patterson et al. 2008 , Clobert et al. 2009 ). Landscape-level conservation efforts often focus on habitat connectivity and its maintenance, but this frequently occurs in the absence of understanding the factors that drive metapopulation dynamics (Marsh and Trenham 2001, Hanski 2011) .
Physiological and behavioral states are likely affected by conspecific interactions, and these internal state changes will consequently effect how individuals behave, move, and use space (Lewis and Murray 1993, Potts et al. 2014) . Courtship is known to elicit a range of female behaviors that alter space use, their distribution across the landscape, and spatiotemporal patterns of reproduction. Female responses to courtship span a continuum ranging from beneficial social aggregations to negative concealment, habitat abandonment, modification of foraging behaviors, and evasive dispersal to retreat from harassing males (Davies and Halliday 1979 , Boness et al. 1995 , Stone 1995 , Réale et al. 1996 , Kimber et al. 2009 , Köhler et al. 2011 . Avoidance of or withdrawal from courting males, although short-lived, has the potential to influence habitat residency and departures to a degree that could impact metapopulation patch dynamics, especially when males are numerous and aggressive such that they disrupt foraging, predator avoidance, care of dependent young, or selection of oviposition locations. However, patch dynamic changes resulting from sexual conflict via male harassment are infrequently empirically studied (Odendaal et al. 1989 , Gibbs et al. 2005 , Le Galliard et al. 2006 .
Populations of Taylor's checkerspot Euphydryas editha taylori, a subspecies listed as endangered under the U.S. Endangered Species Act, occupy a highly fragmented network of native grassland remnants in western Oregon, USA, and is tightly associated with natal habitat patches Warren 2008, Bennett et al. 2013 ) behaving as a habitat specialist (sensu Baguette and Van Dyck 2007 , Fahrig 2007 , Massot et al. 2008 , Bonte et al. 2012 . Euphydryas e. taylori population density, degree of habitat fragmentation, habitat restriction, and conspicuously sedentary adult females, appear similar to the Bay checkerspot Euphydryas editha bayensis, a central California subspecies listed as threatened under the U.S. Endangered Species Act (Brussard et al. 1974 , Harrison et al. 1988 , Bennett et al. 2013 . Euphydryas e. taylori, however, relies on a common, widespread, nonnative larval food plant, Plantago lanceolata, and remains imperiled due to exotic grass invasion and a narrow range of microhabitat conditions acceptable for oviposition Warren 2008, Severns and Grosboll 2011) . Previously mated E. e. taylori are courted frequently and for relatively long durations (Severns and Breed 2014) , often responding to male approaches with conspicuous evasive flights . Because E. e. taylori lay just a few clutches of eggs over their lifetime (30-100 eggs/clutch), females that are coerced into departing reproductive habitat prior to oviposition could influence patch dynamics in ways not predicted by current metapopulation models that do not incorporate such intraspecific dynamics (Harrison et al. 1988 , Hanski 1998 .
To understand how courtship modifies female behavior and the degree to which landscape movements are elicited by sexual conflict through male interactions, we analyzed female flight paths with concurrent behavioral budgets, and estimated habitat departure probabilities in one of the two extant E. e. taylori Oregon metapopulations. We compared the patterns of female movement to the patch-level partitioning of genetic diversity (estimated through DNA simple sequence repeats, SSRs) to further understand the potential genetic consequences of courtship on patch dynamics in the fragmented network.
Material and methods

Study population and flight path recording
The E. e. taylori study network was composed of three habitat patches (subpopulations), one that was relatively small (~0.4 ha), another of intermediate area (~0.85 ha), and a third that was relatively large (3.8 ha). The three patches were separated by 100 to 300 m of forest and were also the subject of several movement ecology studies (Bennett et al. 2013 , Severns and Breed 2014 . Combined, the three patches had an average annual adult population size of 819 individuals (± 101 individuals) from 2003-2012 (D. Ross, Oregon State Univ. Arthropod Collection, Corvallis, OR, pers. comm.). Reproductive grassland habitat (hereafter habitat) was comprised of a high cover (> 30%) of shortstature grasses, abundant P. lanceolata (larval host), and diffuse to patchy strawberry Fragaria virginiana flowers (see Severns and Warren 2008 for a quantitative description). Habitat was immediately surrounded by taller, exotic grasses, under which P. lanceolata may occur, but is rarely selected for oviposition due to reductions in host plant apparency (Severns and Warren 2008) . Adjacent to this degraded grassland, swales, shrubs and small trees predominated. The surrounding forest had a closed to ~50% canopy, with 5-18 m tall trees, and lacked both butterfly host plants and nectar resources.
We were restricted to tracking in two of the three locations due to differences in site ownership and management policy. We chose random compass bearings within the smallest and largest habitat patches and noted when individuals crossed them. If the individual was a female, identified by swollen abdomen or displayed the characteristic examination of host plants, we followed her to create an individual flight map and behavioral budget. Flight maps were created by recording the location of tracked females at the beginning of every 20 s time interval (Altmann 1974 ) with a consumer grade, hand-held GPS unit (Garmin Etrex 10). Positioning of the GPS unit was ~1.5 m above the individual and slightly offset to the east by 0.3-0.5 m, until the end of the observation period (20 min) or the individual could no longer be tracked (Breed and Severns 2015) . This observation method could modify butterfly behavior due to close observer proximity. However, a pilot study with 5 E. e. taylori females revealed that there were no statistically detectable differences in flight maps and behavioral budgets generated from near (0.3 to 0.5 m) or far (3.0 to 5.0 m) observation methods. However, net capture, release to a point on the ground, and observation (sensu Kuefler et al. 2010 , Schultz et al. 2012 , differed from observation only methods as females displaced greater distances immediately following release and behavioral budgets were characterized by flight rather than basking, taking nectar, and perching (unpublished data).
Step-lengths were the spherical distance (distance along the surface of the earth) between two consecutive GPS relocations, unless no flight was observed to occur between two 20 s observations, in which case step length was set to zero. Turning-angles, the angle made between the previous step, if it were to continue along the same vector and the vector of the current step, were calculated following the methods of Turchin (1998) .
At the beginning of each 20 s time interval, we also recorded butterfly behavior (perching, dorsal basking, nectaring, flight, inspection of host plants, courtship, whether females rejected courting males, and oviposition) to associate behaviors with the presence and absence of actual movements (flights). To minimize any impacts of tracking to habitat we visited each patch once every 4 to 7 d. We used a combination of photographs (before observations began to document differences in wing wear and dorsal wing markings) and small, non-toxic metallic ink marks applied to the upper dorsal wing to identify individuals (following the observation period).
We used a Z-proportions test (Ramsey and Schafer 2002) to determine whether the percentage of time females experienced courtship differed between the two patches (α < 0.05).
Movement analysis
We used behavioral observations to determine which movement steps were potentially affected by harassment / courtship. Because courtship was recorded instantaneously at the beginning of every 20 s time interval, it would have necessarily occurred within the 20 s time intervals before and after the instantaneous observation. Consequently, instantaneous behavioral observations, coupled with persistent courtship bouts that often spanned minutes, implied that movement steps before and after the time interval with a courtship observation would have been influenced by courtship, so we categorized these steps as 'harassed' for analysis.
After determining the courtship associated time steps, we constructed a set of generalized linear mixed-effects models (GLMMs) to understand the association between courtship, step length, turning angles, and the probability of departing the small and large patches. The first was a binomial GLMM and was used to determine whether courtship increased or decreased the probability that a female made a move at the next time interval:
where S i,j was the ith move of the jth individual, and was a binomially distributed variable, 1 or 0, indicating whether or not a move occurred at that time interval. A movement was defined as when the individual flew over any given 20 s observation interval and there was a behavioral observation recorded independently of the GPS relocation data. Typically, when females were not courted, they spent long bouts basking or taking nectar, which spanned several consecutive 20 s observation intervals. In such instances, 'movements' did not occur and associated step-lengths will equal zero. θ was the set of variables potentially associated with movement probability, and included an autocorrelation function (a move at the previous time step), courtship, and patch identity (categorical variable for the large or small patch). We constructed models that included individual and additive effects of these factors, their possible interaction (patch × courtship), and an individual random effect φ j . Because each individual was observed between 40 and 60 times as a time series, random effects were included in all models to partition within and between-individual variation and appropriately set the degrees of freedom to be the number of individuals observed rather than the number of behavioral observations/step-lengths. Autocorrelation parameters were included because it is well understood that movement data are autocorrelated and thus movement during the previous time step is highly predictive of movement at the current time step (Turchin 1998 , Hooten et al. 2017 . Not including an autocorrelation parameter where it exists will bias confidence intervals downward and lead to spuriously low p-values and incorrect inference. The second model fit the effect of courtship on steplength. It took a similar form, but was a Gaussian model with a log-link.
In this model, L i,j is the step-length of the ith move of the jth individual. θ was the same as in Eq. 1, except that the autocorrelation variable was not binary, but instead was the log of the step-length of the previous move. Finally, we created a model to understand which factors may be associated with patch abandonment. This analysis was conducted at the level of the whole track rather than on individual steps. We summed the number of steps associated with courtship over the observation period and converted that into the proportion of time a female experienced courtship. To determine whether there was a difference in the probability of departure that was patch-dependent (categorical variable), we set up a final simple binomial generalized linear model:
where D ,j indicated whether the movement pathway concluded with the individual leaving the patch (1) or if the individual stayed within the patch (0). We used likelihood ratio tests to assess whether departure probabilities differed among females from different patches in the binomial models. As an alternative, we used a Fisher's exact test (α < 0.05) to evaluate the potential for between patch differences in habitat departures. We grouped the turn angles in each patch by whether they were made during courtship, and plotted the results as rose diagrams (R package 'CircStat') to identify potential associations between patch identity, courtship, and turn angle. All movement analyses were completed using the open source statistical software R (R Core Team).
Mixed-effects models were constructed using the function 'lmer' in the R package 'lme4' and were fit with full likelihood maximization (REML = FALSE) so that Akaike information criterion (AICc -adjusted for small sample sizes) and Bayesian information criterion (BIC) scores would be valid for model comparison. Both AIC and BIC are widely used model selection methods based on likelihood. Both penalize more complex models, but the BIC penalty term incorporates both degrees of freedom (k) and sample size (n): AIC = -2 ln(L) + 2k; BIC = -2 ln(L) + ln(n)k. In practice, BIC tends to impose a harsher penalty on model complexity than AIC in most applications. We present both model selection criterion as there is no consensus about which is preferable. We considered ΔAICc > 2 and ΔBIC > 2 as the threshold for model selection, as is convention. As BIC tends to favor simpler models, where AICc and BIC disagreed we selected the model using the BIC criterion due to its favoring parsimony. Finally, likelihood ratio tests were performed to estimate p-values of explanatory variables of selected models.
Genotyping and analysis
In February of 2012, we collected post-diapause larvae from each of the three occupied patches; small (n = 7 larvae), intermediate (n = 29 larvae), and large (n = 21 larvae) for genotyping. Post-diapause larvae were sampled from locations separated by ≥ 5 m and from all regions of the source patch. We preserved larvae in a 95% ethanol solution and stored them in a -20°C freezer until DNA was extracted with Quiagen DNeasy™ preps following manufacturer's protocol. Seven variable SSR loci (euphy 2, euphy 3, euphy 14, euphy 21, euphy 35, euphy 61, euphy 69), initially developed for California populations of Euphydryas editha (Mikheyev et al. 2010) , were used for E. e. taylori genotyping. PCR followed the procedure and conditions described in Mikheyev et al. (2010) , with some modification necessary for optimization. All loci were amplified at least twice for each individual to account for potential nonspecific locus amplification, scoring errors, and large allele dropout (DeWoody et al. 2006) . Genotyping was performed with in-house equipment and personnel at the National Forest Service Genetics Laboratory in Placerville, California, USA.
We used genotyping to evaluate the potential for patch isolation and genetic bottlenecking over the E. e. taylori network. Study of checkerspot movements in the small and medium sized patches suggested isolation through the presence of hard, forest-matrix, edges surrounding each patch (Bennett et al. 2013) . Given the degree of isolation suggested by Bennett et al. (2013) , it is possible that patches in this network are not panmictic despite their close proximity (≤ 0.3 km). To estimate the degree of between-patch genetic differentiation, we calculated F st (the proportion of genetic variance attributable to between patch differentiation) with an analysis of molecular variance (Amova) (Meirmans 2006) under an infinite alleles model of mutation in GenAlEx 6.5 (Peakall and Smouse 2012) . Because SSRs can have high allelic diversity which introduces bias into F st estimates, we also calculated D est , an alternative genetic differentiation statistic that is not as greatly influenced by high allelic diversity as F st (Jost 2008) . Probability of statistically significant between-patch D est and F st values were estimated from 1000 random permutations of the between-patch genetic distance matrix. We considered between patch D est and F st values that statistically differed from zero (panmixis) as evidence of genetic differentiation (α < 0.05).
The E. e. taylori network is geographically separated from the other known population in western Oregon by ~ 10 km of forest and may be losing genetic diversity from a reduction in the effective population size and isolation. To assess the potential for a recent genetic bottleneck we analyzed the distribution of SSR allele frequencies in the program Bottleneck (Piry et al. 1999 ). The expected heterozygosity (H e ) for populations experiencing a recent genetic bottleneck is greater than that expected under mutationdrift equilibrium (H eq ) because rare alleles are lost more rapidly during a bottleneck (Cornuet and Luikart 1996) . We performed a one-tailed, sign-rank test at each locus for H e > H eq under the infinite alleles model (IAM) and different mixture combinations of the stepwise mutation model (SMM) and IAM (20% SMM to 80% IAM, and 80% SMM to 20% IAM). The SMM assumes that all length mutations occur sequentially, which is a false assumption for simple sequence repeats (Li et al. 2002) , so we did not run a 100% SMM test. If the sign rank test revealed that H e > H eq in either the IAM or IAM-SMM mixture models (α < 0.05), we considered this to be evidence for a recent bottleneck.
Data deposition
Data available from the Dryad Digital Repository: < http:// dx.doi.org/10.5061/dryad.9j7fd75 > (Severns and Breed 2018).
Results
Female movements
We tracked 18 individuals in the small patch (271 movements, 811 time points) and 22 females in the large patch (410 movements, 803 time points). Behavioral budgets did not differ in the proportion of courtship experienced by females in the small (23%) and large (26%) patches (proportions test: Z = 0.22, p > 0.80). All tracked individuals rebuffed male advances and their swollen abdomen suggested that the females were previously mated. When females were not courted they were mostly sedentary, occasionally engaging in small, < 2.0 m, local movements (Fig. 1) , often between open Fragaria flowers for feeding. Females responded to courtship with comparatively more frequent and longer-distance movements (Fig. 1) . Mixed-effects models indicated that courtship associated movements (in actual space) were more than twice as long as non-courtship associated movements (Supplementary material Appendix 1  Table S1 , S2). Courtship also increased the probability that a female would make a move by ~1.5 times (Supplementary material Appendix 1 Table S3 ).
Patch identity was strongly associated with the probability that a courted female would depart habitat. Despite similar courtship time budgets, none of the tracked females departed the small patch (individuals either flew into trees or remained quiescent/concealed in reproductive habitat) while 7 of the tracked females departed the large patch. A likelihood ratio test comparing binomial mixed-effects models fit to these data indicated that the difference in the incidence of patch departure was highly statistically significant between the two patches (p = 1.8 × 10 -5 ). The results of the Fisher's exact test (p = 0.0108) were consistent with the results of the GLMM, indicating differential emigration from the two patches.
We fit a full model of E. e. taylori movement in log-space, and this model yielded only modest evidence for a patcheffect on step-length (Supplementary material Appendix 1). The weak patch effect was driven by a lack of difference in the short (generally < 2 m) non-courtship associated step lengths between the small (mean ± SE = 2.03 ± 0.26 m) and large (mean ± SE = 3.01 ± 0.33 m) patches (Fig. 1) . When courtship-associated movements were specifically examined, however, there was a strong patch identity × step length interaction (p = 1.3 × 10 -5 ). In the large patch, courtship-associated step lengths were significantly longer than those taken by females in the small patch (mean ± SE large patch = 9.48 ± 1.24 m, mean ± SE small patch = 5.49 ± 0.73 m) (Fig. 1) .
Patch identity also appeared to be associated with a difference in turning angles when females were courted. In the small patch, rose diagrams suggested no tendency to move straighter or with more turns in the presence or absence of courtship (Fig. 2) . In the large patch, non-courtship associated movements appeared to be without directional bias and comparable to the pattern of turning angles in the small patch. However, in the presence of courtship, the large patch female movements were notably straighter (less tortuous), suggesting patch-specific displacement responses associated with courtship (Fig. 2) .
Genetic diversity
All seven SSR loci were polymorphic, with a mean of ~ 4.9 alleles/locus (euphy 2 = 5 alleles, euphy 3 = 6 alleles, euphy 14 = 3 alleles, euphy 21 = 4 alleles, euphy 35 = 4 alleles, euphy 61 = 8 alleles, euphy 69 = 4 alleles). Although errors for the unbiased estimates of expected heterozygosity in each patch overlapped, the estimates were, in rank order, opposite of relative patch size, with the highest expected heterozygosity occurring in the small patch and the lowest occurring in the large patch (Table 1) . Similarly, both the mean number of alleles/locus (N a ) and the mean number of effective alleles/ locus (N e ) were, also by rank, lowest in the large patch. The large patch contained the greatest adult population counts and the small patch had the lowest (Table 1 ). The proportion of individuals containing private alleles were similar between the large and small patches, despite an ~10 fold difference in the number of adult butterflies counted. The medium patch had more than double the number of private alleles of any other patch (Table 1) . Locus euphy 21 was found to have allelic distributions out of Hardy-Weinberg equilibrium (HWE) expectations in all three patches (cutoff p < 0.05) and two loci appeared to be in HWE expectations in all three patches (euphy 2 and euphy 61). Other loci not in HWE expectations were euphy 3 (medium and large patches), euphy 14 (large patch), euphy 69 (small and medium patches), euphy 35 (medium and large patches). In all instances, the deviation from HWE expectations were due to a deficiency of heterozygous genotypes. Large, unharrassed n = 302
Large, harrassed n = 108
Step−length (m) Figure 1 . Violin plots of female E. e. taylori step length distances in a small and large habitat patch grouped by steps associated with courtship (harassed) and the absence of courtship (unharassed). Plots show step lengths pooled across individuals (n = number of steps lengths in each category with each individual butterfly contributing between 20 and 50 steps; GLMMs used in data analysis partition variance among and within individuals via random effect of individual). Boxes show interquartile range (IQR), whiskers 1.5 times the IQR, and violins the density function of the step-lengths. Overall, courtship elicited longer displacements in both the small and large patches while in the absence of courtship, movements were local and similar in both patches.
Between-patch genetic differentiation, estimated through both F st and D est , statistically differed from zero (panmixis) and the estimates were similar, suggesting that genetic architecture was present across the network (Table 2) . For both D est and F st , the number of individuals genotyped and the within patch SSR allelic diversity was great enough to detect statistically significant differences (with 95% confidence) between the large and medium patches. However, the small patch which had a fewer number of individuals sampled, but demographically represented a larger proportion of the adult counts (Table 2) , lacked sufficient statistical power to assess deviations from panmixis with 95% confidence.
We did not find strong statistical evidence suggesting a recent genetic bottleneck (H e > H eq at α < 0.05) for the entire network under the strict IAM (p = 0.35), 20% SMM -80% IAM (p = 0.29), or 80% SMM -20% IAM (p = 0.28) models. Figure 2 . Rose diagrams of turning angles for female E. e. taylori movements taken in a small and large patches grouped by steps associated with courtship (harassed) and the absence of courtship (unharassed). A pronounced tendency towards straighter, less tortuous flights occurred in the large habitat patch when females were courted. (2N -1) ) × expected heterozygosity (He). He = 1 -∑ pi^2.
Discussion
In both the large and small patches, male E. e. taylori frequently and persistently courted females (~25% of the average behavioral budget from 8.97 cumulative observation hours). In response, females displayed typical, short-term, stress response behaviors -including concealment, longer step-lengths and straighter, less tortuous flights through highvalue, reproductive habitat. These longer, less tortuous movements are characteristic of predator-induced flight responses by prey (Cooper et al. 2007, Stankowich and Coss 2007) , dispersal over matrix conditions (Schtickzelle et al. 2007 ) and through corridors (Haddad 1999 , Morales et al. 2004 .
Assuming that the courtship associated changes in E. e. taylori movement behavior parallels other animals, it appears that courtship induced a harassment effect in female E. e. taylori, which potentially altered their short-term movement behaviors and space use. There appeared to be two distinct modes of movement in the group of female checkerspots we tracked. In the absence of courtship and regardless of patch identity, female E. e. taylori displayed movement behaviors consistent with habitat specialists (sensu Fahrig 2007) . Movements were mostly local, within habitat, tortuous, and closely associated with key resources (Baguette and Van Dyck 2007 , Fahrig 2007 , Schtickzelle et al. 2007 , Massot et al. 2008 , Bonte et al. 2012 . In contrast, courtship associated movements were characterized by greater, quicker displacements and straighter flights, which is more similar to movement patterns expressed by habitat generalists which tend to explore landscapes more readily than reside within natal habitat patches (Fahrig 2007) . Similar changes in movement behaviors associated with courtship are known in the related North American checkerspot E. anicia (Odendaal et al. 1989) . How harassment potentially influenced E. anicia patch dynamics was not investigated, but Odendaal et al. (1989) suggested that persistent courtship was likely to influence female fitness and the landscape level patterns of aggregation with respect to host plants.
Female patch departures were associated with courtship and patch identity. Neither the present study (n = 18 females) nor that of Bennett et al. (2013) (n = 36 females), documented small patch female departures (combined ~1400 min of observation), suggesting loyalty to the small patch habitat. When courted in the small patch, females responded by either seeking concealment beneath vegetation or by flying into the branches of overtopping fir and oak trees on the habitat edge.
Although we were not given access to study movement in the medium sized patch, Bennett et al. (2013) did not observe female departures in the medium patch (n = 38, ~1100 min of observation). Anecdotal observations of courtship associated female movements over the last decade in the medium sized patch are consistent with the small patch concealment tactics (Severns unpubl.) . In contrast, female responses to courtship in the large patch were composed primarily of long-distance escape flights, which included a relatively high incidence of departures over forest (~32% of tracked individuals). These long-distance evasive flight tactics have been observed repeatedly and commonly over the last decade in the large patch (Severns unpubl., A. D. Warren pers. comm.) .
It is possible that the large patch habitat departures were due to patch-specific differences in real and perceived matrix permeabilities (sensu Revilla et al. 2004 ). However, edge composition and surrounding matrix appeared similar in all three patches and females departing habitat did so over forest, which, in the absence of courtship, appeared to be perceived as hard edges (Bennett et al. 2013, present study) . For the E. e. taylori individuals we tracked, courtship appeared to generate a stress-flight response, but whether the individual departed habitat was associated with patch identity. Ostensibly, these patch associated patterns of habitat departure suggest a traditional metapopulation source-sink dynamic, albeit due to male harassment, with the large patch potentially being a source for migrants and the small/medium patches being sinks (Harrison et al. 1988 , Hanski 1998 .
Genotyping provided some potentially important insights into the E. e. taylori patch dynamics that appeared to be consistent with patch-specific female movement behaviors. Both our study and that of Bennett et al. (2013) suggest that emigrating females from the small and medium patches are rare, potentially leading to patch isolation and genetic differentiation. We found low, but statistically significant (p ≤ 0.05) deviation from panmixis expectations between the medium and large patches despite their close proximity (0.3 km). Although F st and D est estimates of ~0.02 may seem trivial, and Mikheyev et al. 2010 did mention potential null SSR alleles (but no quantitative estimate), comparison with the endangered Euphydryas editha quino (the same SSR loci), suggests that forests in the E. e. taylori network generated a degree of patch isolation comparable to isolation by geographic distance in E. e. quino. Parmesan et al. (2015) , reported F stvalues ranging from 0.19 to 0.08 when comparing E. e. quino to other E. editha subspecies, 0.0396 to 0.0108 between populations of E. e. quino separated by ~100 km, and 0.0034 to (Rokas et al. 2003 , Finger et al. 2009 , Vandewoestijne and Van Dyck 2010 , Ugelvig et al. 2012 , the F st /D est -values for the E. e. taylori network is typically associated with between population distances of 10 km or more, not the sub-kilometer distances in the E. e. taylori network. With evidence of patch-level genetic architecture and geographic isolation of the E. e. taylori network, genetic bottlenecking is a possibility. However, tests for a recent genetic bottleneck in the network were negative. Consistent with the genetic bottleneck test results, adult population counts were relatively stable over the decade prior to the genotyped generation (Table 1 ). It is known that genetic bottleneck tests can be influenced by small sample sizes and that the signatures of an ongoing bottleneck are more difficult to detect than when a population has recently passed through a bottleneck (Peery et al. 2012) . Genotyping did suggest the possibility that the network may be in the process of going through a bottleneck. Each of the three patches had unique combinations of SSR loci that deviated from HWE expectations due to a deficiency of heterozygotes. Although this is also a common characteristic of population isolation and genetic differentiation, it may occur as a population transitions through a genetic bottleneck (Peery et al. 2012) . Regardless of whether the network is truly in the process of going through a genetic bottleneck, geographic isolation of the network and ongoing habitat degradation (Severns and Warren 2008) , does suggest that a genetic bottleneck will eventually occur.
Assuming that SSRs are reflective of recent past demography, as they are in Melitaea cinxia metapopulations (Orsini et al. 2008) , it is possible that male harassment has been influencing E. e. taylori patch dynamics, and hence the landscape level partitioning of genetic diversity, for decades. SSR allelic distribution over the E. e. taylori network is consistent with the expectations of habitat fragmentation and patch isolation. However, when considered together, the differences in patch-specific female departures and the rank order distribution of allelic diversity over the network, do suggest the potential for an atypical network dynamic. Although, the SSR patch summary statistics appear relatively similar to each other (Table 1 , overlap of error estimates), the various measurements associated with allelic diversity are, by rank, lowest in the largest patch (with the greatest adult counts). This is curious and counter to a traditional metapopulation (Frankham 1996) . Although further investigation will be needed to verify these patterns, it may be that the harassment-induced, patch-specific, movements generate a pattern of unidirectional transfer of females (and genotypes) from the large patch to the small and medium patches. With the small and medium patches appearing largely closed to emigration, this potentially sets up a scenario where between patch genetic differentiation develops due to the loss of genetic diversity from the large patch (via emigrants) and the accumulation of genetic diversity in the smaller patches (through immigration). Hanski et al. (2002 Hanski et al. ( , 2004 demonstrated that M. cinxia females from older subpopulations were less likely to emigrate than females originating from recently founded subpopulations, especially when connectivity was relatively low. This suggests that once non-emigration behaviors have become a population trait in a network with low connectivity, the individuals within that population will remain unlikely to emigrate unless new immigrants with a tendency for dispersal colonize (Hanski et al. 2002 (Hanski et al. , 2004 . If the M. cinxia interactions between population age, dispersal, and isolation apply to the E. e. taylori network we studied, patches will eventually be subject to the negative stochastic and inbreeding effects that accompany small population size (Frankham 1996) .
